Non-classical sources of tumour specific
antigen in checkpoint inhibitor response

Workshop Lund 2022.
4th May 2022
Dr Kevin Litchfield

THE

FRANCIS
CRICK
INSTITUTE

UCL Cancer Institute
o



UCL
CANCER

Sources of tumour specific antigen LEOEITs

https://www.ucl.ac.uk/cancer/tigi-lab

_ SNV missense neoantigens
Oncogenic

viruses @

Dinucleotide variant
neoantigens

Oncofetal
antigens Tumour cell
Frameshifted

Potential sources neoantigens

Cancer of tumour
l;ist’?s SpGC]flC 5’ and 3’ UTR
gens . ‘
antlgens translation

(non-exhaustive)
Endogenous 4= D ¢

retrovirsuses 4
Cancer associated

_ bacterial epitopes
Spliced
neoepitopes

Black is categorised as classical Exonic fusions —

Green is categorised as non-classical

N

Retained introns


https://www.ucl.ac.uk/cancer/tigi-lab

UCL
CANCER

Sources of tumour specific antigen LEOEITs

https://www.ucl.ac.uk/cancer/tigi-lab

_ SNV missense neoantigens
Oncogenic

viruses @

Dinucleotide
neoantigens

Oncofetal
antigens Tumour cell
Frameshifted

Potential sources neoantigens

Cancer of tumour
l;ist’?s SpGC]flC 5’ and 3’ UTR
gens . ‘
antlgens translation

(non-exhaustive)
Endogenous 4= D ¢

retrovirsuses 4
Cancer associated

, bacterial epitopes
Spliced
neoepitopes

Black is categorised as classical Exonic fusions —

Green is categorised as non-classical

w

Retained introns


https://www.ucl.ac.uk/cancer/tigi-lab

UCL
CANCER
INSTITUTE

Ca nce r/tEStis a ntigens https://www.ucl.ac.uk/cancer/tigi-lab

Lo |

MAGE-A3, MAGRIT DFS (mo): 60.5vs 57.9 (P=.74)
MUC1 Tecemotide, START OS (mo): 25.6 vs 22.3 (P=.12)

MUC1 Tecemotide, START2

Belagenpumatucel STOP 0S (mo): 20.3vs 17.8 (P=.59)

CIMAvax-EGF 0S (mo): 12.4vs 9.4 (P=.036)
NGcGM3 Racotumomab phase Ilb 0OS (mo): 8.2 vs 6.8 (P=.004)

NGcGM3 Racotumomab phase |lI

MUC1-IL12 TG4010, TIME . :;svs N Phalse 7
(one side - P=.02) terminated

a[1,3] Gal Tergenpumatucel NLG-0301

CEA-HER2MAGE2/3-p53 OSE2101, Suspended
ATALANTE (131/500)

March 2006 August 2007 December 2008 May 2010 September 2011 January 2013  June 2014  October 2015  March 2017

Dy et al., The Journal of Targeted Therapies in Cancer, 2018 April, Volume 7, Issue 2

* Alot of cancer/testis antigen vaccine trials have been negative
« Unclear if this is because they are poorly immunogenic targets (i.e. some degree of self tolerance)
or whether therapeutic vaccines are ineffective
* Many of these targets are now under development as T cell therapies —
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Oncogenic viruses are classically immunogenic

Percent survival

100

80 4

60 -

40 -

20 9

Overall survival
=+ HPV negative

== HPV positive

ey

'I.u..l.-I

L.____A.IIJI.L_.I___-

P=0.0003
HR - 3.43, Cl - 1.75-6.74

20 40 60
Months

Oguejiofor et al. 2015

T-cell density/3.5 x10° nm

UCL
CANCER
INSTITUTE

https://www.ucl.ac.uk/cancer/tigi-lab

CD3+CD8+
P<0.0001
L i =
::. L l-.~~ “—=.
:f'l'i-':!:: =pe
ve Yoer - ;.
nt‘,;.- A
Pp t* u®
L
i
1 1
Negative Positive
HPV status


https://www.ucl.ac.uk/cancer/tigi-lab

UCL
CANCER

Sources of tumour specific antigen LEOEITs

https://www.ucl.ac.uk/cancer/tigi-lab

SNV missense neoantigens

Oncogenic
viruses @

Dinucleotide
neoantigens

Oncofetal
antigens Tumour cell
Frameshifted

Potential sources neoantigens

Cancer of tumour
l;ist’?s SpGC]flC 5’ and 3’ UTR
gens . ‘
antlgens translation

(non-exhaustive)
Endogenous 4= D ¢

retrovirsuses 4
Cancer associated

, bacterial epitopes
Spliced
neoepitopes

Black is categorised as classical Exonic fusions —

Green is categorised as non-classical

~

Retained introns


https://www.ucl.ac.uk/cancer/tigi-lab

SNV missense neoantigens predict 10 response

Melanoma: NSCLC: Bladder: CRC:

- M Nivolumab .
100 £ High nonsynonymous burden 10 P<0.001 by log-rank test
Low nonsynonymous burden 1001 on  Memm g
1 Median progression-fres 4.2 6 o7 0.8
ns (M= a0 4 survival, mo (5% Ci) 15, 58) (27,680  (51.NR}
é 704 ———
0.6 . i i
i i Mismatch repair—deficient
504 £ w
H 0.4+
Pal.0d by 'i o
log-ra & 30 4
L. 0.2 . . i
; Mismatch repair-proficient
I 10
. v [ 1 1 2 ' b I IEEEE. o 0 3 6 9 12 15
[ 3 L] 9 F] 15 s 21 M4
T = - - 4 8 12 16 20 24
— Months Months

Snyder et al. 2015 Rizvi et al. 2015 Aggen et al. 2017 Dung et al. 2015



n® UCL '
SN e P
QSNZD '%Sg\)?{g‘iloe-?zﬂg ‘56\?5{6 ¥ o CA N c E R / TRANCIS

e ?‘ CRICK
3\\,\ 7 Q\f’-ﬂ QD{B?.W\T .55\&“?\’ ;‘gpgla X ;50 wﬁo} 'Q‘E'.E’G\) - ‘50\&:&6 ,!p'\‘b ] INSTITUTE v INSTITUTE N
""‘EE C'Ef\’ ‘v’;‘w\' S o RS W B o ‘.;C-E'f'?_la’\?’ o Meta analysis across all v
5?5‘{0 m‘%ﬁ ark c,tl\ 5\“ N» cR® e QA8 sOE g ﬂgmf‘" cohorts. Standardised E'-meta K:;;It:“m y y b
?* \ s -0 At o ). Odds Ratio for Response . | k r/tigi-la
0“‘ RO *‘ NI i \ cohorts):  cohorts); https://www.ucl.ac.uk/cancer/tig
Dirug: . \_P.'ﬁ ?I‘E'\’h \)?_ 0‘?' 1 ?}3 PL Y\E_'F'D e‘gi'f‘ L—Uﬂ \_\)\“- 0?5’ (95% Cl):
A =anti-CTLA4 ‘ ‘ . . P P ’ ® & < 4 ¢ L 2 . )
@ = ant-PD-1 =1 I T™B | | —a— p=1exi0® =130
@ =anti-PO-L1 . = m = = B = Clonal TMB ] I —8— p=25x107 p=2.2x10°
c . - [ ] [ | ] Subclonal TMB 4 i p=n.s. ) p=n.s5. ,
S B + + * Indel TMB { | —=— p=; .gx;]g; ﬂf‘ﬁil&
5 = * « NMD-escape TMB A | —i— p=5.6x ) =1, ) i .
o * . Signature Tobacco | —a——  p=3sa0’ paasaee > Meta-analysis of
- -- - - . J p=1_2x10.] p=1_211ﬂ-3 .
& = [ ] || ] Signature UV | —l— \ 1 OOO h k nt
5 Signature APOBEC { | —— p=8.1x107  p=8.1x10 > CcheCKpoOil
s Il |« [ il ] p=ns. p=ns.
@ 5 . DA —— = - inhibit CP]
= . ] MUC16 NeoAtg |  La— p=ns. p=n.s. INNID1tOor
I MeoAlg fithess (AxR) 1  1@— p=n.s. p=n.s. )
with CRIPR —— - ) - SERPINB34 | | —— p=12x10°  p=ns. treated patients
DDR k = P=n.s. p=n.s.
3 ] [ i | L |
a + = SCNA burden 1 +— pin.s. pin.s.
* 8 . BN lossbuden | - s P » TMB the strongest
230 4 B ] ] — LOHHLA { —& p=n.s. p=n.s. ) € CPI
St B20M 1—T8— p=n.s. p=n.s.
_g-_g % 0 E PTEN . p=n.s. p=n.s.
g EHENE = | -- = o 1. T bens. pens. response
2 4 5 mEms JI TR, e e
T - RAS | T e e
-2 aé - - = - SDI-ITH o f— p=n.s. p=n.s.
Q I
-3 || [ | KIR3DS1 {i & p=ns. p=ns.
Associated E --- = ) - [ ] HLA divergence | —ii— p=n.s. p=ns.
with SD/PD B N 2 - HLA max het. J _._ p=n.s. p=n.s.
2 = - HLA B44 supertype 4 L p=n.s. p=n.s.
. B = B vmmely S
e = . — Sex 1 - p=19x102  p=19x10°
*8 samples - |
excluded due g . . I 1 ox10” 1 0kt
ize S - z 2 - CD8A 1 —— p=1.0x p=1.0x
:?;u i 5 e = i £ rnfamocer | l—a—0 p=25x10%  p=ns.
: - , — D IS B - B e S
© = - 3 2 3 ; =30%10°  p=3.0x10°
Samples N | =~ + [ ] = =z = CD274 1 + . p=3.0x p
ilabl s © 9
:Jvra::al:sis" N= 55 (00)38) (71 (89 (25) (45) (1) 51 (o (4) (@4 @8  (15) o AT WP
E . ps0.05  + ps0.1 Odds Ratio {95% CI) E—

O


https://www.ucl.ac.uk/cancer/tigi-lab

oAD A U C L .

zf E.b e 'E:-a ® 5 * o E /
"E 0. 3 ";l ® -, ch:":'f J CANC R RAM:S
E \Apﬁ\)\:a o= Qﬂa =) ; T ¥ & s

oo S o B o e _ INSTITUTE Y ¥ K
~{ w\o I 5 € = B P b = lidation o5
AN P\ & %h e ’“\M' ’“GD& G e it O aatio for Response Il sl coarte) https://www.ucl.ac.uk/cancer/tigi-lab
O D G )
Drug: \P‘“ e I “\ %E“PL WP T (O O (85% Cl):
) 'tI‘
A -entonas ®_o o oo o 2
i ' =1 910% | p=1.3x10-
. = anti-PD-1 - -- v T™MB ] : P S .
= anti — Clonal TMB 1 —— p=29x107 | p=2.2x10°
i | B B EEN & Cens L 2w | v
g E —— p=1.6x102 p=2.6x10"
g . . . . NMDlrEsecl:aT h:BTMB | —— p=5.6x10*  p=1.9x10" is of
E " - : Signature 'I?obacco 1 —— p=3.5x10" p=3.5x10° > Meta-analyS]S O
@ L] -- Il il - an ] p=12610°  p=12x10° i
8 | ] Signature UV | h k t
4 N . - ) =8.1x10°  p=8.1x10° >1000 checkpoin
5 || Signature APOBEC | e P -
3 - - * - - % . DAl o —t— p=n.s. p=n.s. . . o CPI
” . MUC16NeoAty 4 La— p=ns. p=n.s. inhibitor ( )
w - =
i - . ] NeoAlg fitness (AxR) {  La— pens. - pens. d tients
Associated * serpinB34 ! —m— p=1.2x10°  p=ns. treate patie
with CR/PR " - - - DR | |_._ p=n.s. p=n.s.
3 ] ] | (| I
a SCNA burden 1 +— pin.s. pin.s.
2 §- —= Bl Loss burden 1 % =N 8. p=n.s. > TMB the StrOngeSt
|| - - p=n.s. p=n.s.
23 2 . . [ LOHHLA o - e .
1 I = . oo - e pene predictor of CPI
] —g E g --- - - - JAK‘;‘{E - —r._ p=n.s. p_n.E.
514 0 E PTEN | T p=n.s. p=n.s. nse
E c T EEmE = i A pns pns respo
28 1 T KRAS 1 —+—8&—  p=ns p=ns.
= [ | 5 n= o H B [ ] TP53 {1 +=— p=ns. p=n.s.
K 5 - - SDI-ITH 1 —i— p=n.s. p=n.s.
= 1
} KIR3DS1 . e p=n.s. p=n.s.
3 Il B ;- . [ | \ | e b,
Associated 2 [e [ ] HLA divergence -
with SDPD & . + [ | HLA maxhet. 4 —l— p=ns. p=ns.
2 ' - HLA B44 supertype < L p=n.s. p=n.s.
w F { —.— =n.s. p=n.s.
3 [ ] | ] HLA B62 supertype P
- = B ] ] HLABISO1  { —a— p=n.s. p=ns.
= i = Sex E I+ p=1.9x107 p=1.8x107
*g samples +
excluded due = ] | 1 ox10” o1 0310
o catortsize [ i * [ | % % ?: _ ODsA '_._+ I;}=2 5x107  p=ns.
=10 5 BB B : 3 Tinflam GEP 1 | p=25x10°
E " S | & m S CXCLY - | —.— p=1.3x107  p=1.3x107
= . e X 3 3 ; =3.0%107  p=3.0x10°
= = Z CD274 | — p
Samples E - * + - . . ; .
- B 42 4B o0
?ovra::glle iz N= E (55) (100} (38} (V1) (89) (25) (345) (17) 151) {107} (14) (34} (28) {15) Q A b L
ys C
E = ps0.05  + ps0.1 Odds Ratio (35% CI)


https://www.ucl.ac.uk/cancer/tigi-lab

Clonal TMB

1'4)000

Wilcoxon, p < 2.2e-16

.
3
= 3 > Clonal TMB strongest
g predictor of CPI response
)
: SNERANS v P Requnders have ~100 |
A RARRTT52 8T additional Clonal mutations
AARA RN »<;;,..x
bR
& afy 4
K. 0’::
m L4
T o /esQU(\SG T ‘3‘59 ons®

11



log2

%
Ol q_'clc’ Al
ek 0 et o 70
E,S“N i G\{—_'b\ Q@@G\‘[\} ec,\e-"\ K. 5@%5; %P'?O\Eﬂ ED,GJ\ O S O\EI‘C‘ < A
2 ci\' eV R IRePlesl T W gt 0BT e e .
pls»\‘e o ﬁ,:ﬁ pRRast™ 4ot O P CE e o Meta analysis across all
5“ \“"ﬁ ‘ﬁ“ L G‘“ = O gt T QT SO g cohorts. Standardised ~ p-meta p-meta
. ’C"‘”h Dﬁ\h E—"\?\ ?»U'P‘ A0 30 50 g e eV ha Odds Ratio for Response  (all (validation
Dru \_P!ﬁ Y\ A% [ = - 5 p
‘g' w&‘)' e .Jil @&“‘ \.\EF'D e,?ﬁ‘ Lu't‘c’ \p“‘e s (95% Gl): cohorts): cohorts):
= ani-CTLA-4
@ = a0t AA‘.Q’ ..’ ® ¢ L L K 2 2
= anu- - '
1 —_— p=1Ox10° =1.3x%10
@ =antiPD-L1 | * H * T™B I P= - “
- . B0 B e (% ConalTMB  { |  —@— p=20x107 p=22x10
g [ | || ] Subclonal TMB  + —— p=n.s. p=n.s.
g - . P z Indel TMB { | —a— p=18x107  p=2.6x10°
= " * « NMD-escape TMB 1 | —— p=5.6x10°  p=1.9x107
@ L] -- [ | [ | s Signature Tobacco 4 —— p=35x10°  p=35x107
3 " - -- Signature UV 4 | —f— p=1.2%10" p=1.2%10"
S . Ell - B Signature APOBEC { | —— p=8.1x10°  p=8.1x10°
o [ ] + DAl { —— p=ns. p=ns.
N " [ MUC16 NeoAty 4 La— p=ns. p=n.s.
Associated * + [ ] NeoAlg fitness (AxR) {  L1a@— p=ns. p=n.s.
with CRIPR = [ ] SERFPINB3/4 - I y— p=1.2x10°  p=ns.
3 [ [ | | [ | || DDR 1 :—l— p=n.s. p=ns.
2 3 + = SCNA burden - +— P=n.s. p=n.s.
e | § [« | Loss burden . _I._ p=n.s. p=n.s.
g 3 1 @ [ | || ] LOHHLA 1 & p=n.s. p=n.s.
[=] [ih] _ _
- - B2 E —r.— P=n.s. p=n.s.
E § § - - JAK /2 =n.s =n.s
B 0 E || =] [ [ { —T8— p=n.s. p=ns.
£¢ EHENE B | H B PTEN i & p=n.s. pens.
i E
25 -1 6 HEEE =B = | | RTK 1 —.— p=n.s. p=ns.
| » KN N [ | KRAS | —a———  pens p=n.s.
2 2 1 Il I [ TPS3 { +=— p-ns. p=ns.
G = [ ] SDI-ITH { - p=ns. p=n.s.
I
-3
; - 10 I - [ | [ ] [ ] KIR3DS1 { = p=ns. p=n.s.
fmﬁ;ﬁ: o B [+ [ ] HLA divergence - —il— p=n.s. p=ns.
+ + max het. { - p=n.s. p=n.s.
E HLA het
Pl - HLA B44 supertype 4 p=ns p=n.s
- Le— 5. .
2 | [ | [ | HLA B62 supertype | —ii— p=n.s. p=n.s.
H - B [ [ | HLABIS01 | —a— p=n.s. p=n.s.
9 samples * [ Sex { = p=19x102  p=1.9x10%
excluded due [
\ S
fosonortsze =y . . o 3 2 CD8A . : — p=10x10"  p=1.0x10"
= B N G G :  Tinflam GEP |  ——@——  p25010? pens.
g ° " Il & @ a CXCLS {1 | —&—  p=13x107  p-13x107
Samples | » * [ ] z =z z cD274 {1 | —&— p=3.0x10°  p=3.0x10°
available =] T T T T
for analysis® N= E (55) (100} (38) (71) (B9)  (25) (345) (17) 51 (107 {14) (34) (38  {15) 0® AT AB 90

= p=0053 + p30.1 Odds Ratio (35% CI)



Break down by cancer/drug type and correlation between markers

t significant pan-cancer (1a)
* significant in tumor/drug type

Significant biomarkers by individual tumor type/drug treatment:
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Tetramer
sorted single
cell RNAseq:

CD8 TiLs from NSCLC case LO11, multimer sorted for reactivity
to clonal neoantigen and single cell RNA sequenced:
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We understand a subset of the factors influencing CPI response, but what >50% of the
explanationis still missing
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We understand a subset of the factors influencing CPI response, but what >50% of the
explanationis still missing
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DNVs permit a broader set of amino acid alterations compared to SNVs, with more radical changes:
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Frameshift indels - only ~5% of all mutations, but

highly immunogenic

Single Nucleotide

Variation Mutant amine acid
faces away from TCR

1
Peptide 45

MHC class |

Immunogenic
point mutation

AXXEXILQEMPFSVXXXX
a5

Chen & Mellman,
Nature (Review) 2017

Normal protein sequence
XK ILQLIMPFSVOO0O0X

Insertion or
deletion

AMLAKIPFSVXXXX
XXFLIININTVXX XXX,

1 4da5

Neoantigens  Mutant-specific
per mutation necantigens per

mutation
nsShis 0-64 0-22
fs-indels 2.00 200
Enrichment 313 B-g4

Turajlic, Litchfield et al.
Lancet Oncology 2017



Frameshift indels - only ~5% of all mutations, but

highly immunogenic
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Turajlic, Litchfield et al. Lancet Oncology 2017



Further data to support indels as a biomarker

across other studies:

]Cln | RESEARCH ARTICLE
INSIGHT

Frameshift events predict anti-PD-1/L1
response in head and neck cancer

Genetic diversity of tumors with A e

Baseline mutations (MMR-~d-induced)

mismatch repair deficiency influences ; | e | 7"
anti-PD-1 immunotherapy response i | ] \

Dung T. Le>%?, Luis A. Diaz Jr.>'%, Timothy A. Chan®*%}

¥ Allelic frequ

response to PD-1 blockade immunotherapy in MMR-d human and mouse tumors. The
extent of response is particularly associated with the accumulation of insertion-deletion
(indel) mutational load. This study provides a rationale for the genome-wide Pre-tuerepy poaz-me'moy Pre-therapy Post-herapy
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Pan-cancer 10 dataset (n=1021 cases)

100% 100%
Further e \\ e
validated in 0% 5%

h —  70% 70%
arger co orts =
a.
= 60% 609%
of >1000 : o
. W)
pat]ents E‘.fo. 50% 50%
40% 40%
30% 30%
20% 20%
10% 10%
0% 0%
NMD- NMD- NMD- NMD- D- NMD- NMD- NMD- NMD-
escape escape escape escape escape escape escape escape escape escape escape
>=0 >=1 >=2 >=3 >=4 >=5 >=6 >=7 >=8 >=9 >=10
Non-Responders (N) 755 533 323 173 96 47 29 21 14 11 9
Responders (N) 266 193 132 81 63 51 35 27 25 22 17
% of patients hitting 100%  71% 45% 25% 16% 10% 6% 5% 4% 3% 3%
threshold

Litchfield et al. 2020 (Nature Communications).
Litchfield et al. 2021 (Cell).

% of patients meeting this threshold



Same results validated independently

Van Allen et al.*? Hugo et al.*® Miao et al.*
" Anti-CTLA-4 in melanoma " Anti-PD-1 in melanoma " Anti-PD-1 in renal cell carcinoma
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5SS P=0.013 3 2= P=0.016 Q2= P=0.075
Eo“ 5 E o< 5 € o0& 5
©T 5 © T 5 T g
Y= = 5 Y= = o Y= = 5
522 0 522 0 L2 0
< Patients < Patients < Patients
£ @ %
c 0 = 0 T 0
o = 10 P=0.174 s = 10 P=0.160 2 = 10 P=0.438
= e = =
Sc o S c o S c o
5 2 0 5 20 5 20
s = | s = , s .
= Patients Z Patients Z Patients

Responder . Nonresponder

» Different method - predicting NMD from sequence position, not RNAseq

Lindeboom et al. 2019 Nature Genetics. o




Pre-clinical evidence to support NMD from
mouse studies:
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Preclinical evidence from Pastor et al. Nature
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Cancer associated bacteria - evidence of epitopes

nature

Explore content ¥  About the journal v  Publish with us v

» Recent evidence of HLA-
bound bacterial epitopes
in Melanoma

nature 2 articles ? article

Article ‘ Published: 17 March 2021

Identification of bacteria-derived HLA-bound
peptidesin melanoma

Shelly Kalaora, Adi Nagler, [...]Yardena Samuels &

Nature 592, 138-143 (2021) | Cite this article

25k Accesses | 11 Citations | 260 Altmetric | Metrics
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Summary

« Complex set of biomarkers associated with CPI response - from our recent pan-
can meta-analysis clonal TMB, CXCL9 and CXCL13 had strongest effect size

« Over half of the variance in response remains unexplained
* Non-classical epitope types may explain part of the missing variance

 Preliminary MANAFEST reactivity data supports non-classical epitopes as
potential important drivers of immune response

* Strategies to generate more high quality epitopes may offer potential as a new
immunotherapeutic approach, particularly in low-TMB cancers
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